Spatial and temporal changes in the subcellular localization of the nuclear protein-tyrosine kinase, c-Fes.
Tyrosine phosphorylation has emerged as a mechanism to control cellular events in the nucleus. The c-Fes protein-tyrosine kinase is an important regulator of cell growth and differentiation in several cell types, and is found in the nucleus of hematopoietic cells. In this study, we showed nuclear localization of c-Fes in both hematopoietic (K562, TF-1, HEL, U937, and HL-60) and nonhematopoietic cell lines (293T, CaOv3, TfxH, MG-63, HeLa, DU-145) by immunofluorescence and confocal microscopy. c-Fes showed striking changes in subcellular localization at specific stages of mitosis. In interphase cells, the intranuclear distribution of c-Fes was diffuse with occasional bright foci. Some c-Fes was present in the cytosol after breakdown of the nuclear membrane, in prometaphase. At prometaphase and metaphase c-Fes was also associated with the chromosomes, in a punctate pattern that partially overlapped with the centromere. Further comparison with proteins that are known components of the kinetochore suggested that some c-Fes protein was located at the centromeric alpha-satellite DNA, between the kinetochores. At anaphase and telophase, c-Fes was entirely cytoplasmic and no protein was found associated with the chromosomes. The timing of c-Fes' appearance at the centromere coincides with the period of kinetochore assembly. These data suggest that c-Fes is recruited to the kinetochore during mitosis.